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THE DEVELOPMENT, DESIGN AND CONSTRUCTION
OF GLIDERS AND SAILPLANES*

.By A, Lippisch
INTRODUCTION

The Gliding and Soaring Flight movement is as old as
history. The observation of bird flight must have shown
the men of former centuries in the same way as our own
generation, that apart from power flight with wing beats
there must be another flight possibility, enabling the use
of the energy in the movement of air masses for flight
without the expenditure of other power, The oxperiments
undertaken in these times on the solution of the flight
problem have come down to us only through nmyths and sagas,
and we cannot differentiate botween truth and imagination
in these stories.

Experimental roscarch, which can certainly be consid-
ercd as the foundation of modern physics, has also in the
rocalm of aerodynamics laid the basis for modern aoronau-
tics, In this gliding and soaring flight plays the role
of full-scale experiments, not as an end in itself, but as
a proving ground and last station beforc the invontion of
power flight.

The actual gliding and sailing flying had its bogin-
ning in tho sailing flight movement which took place aftor
the war and which was a rcsult of the Rhon Sa ailplaenc Con-
tCStS.

PART I

So if I commonco my lecture with a feow romarks about
the devclopment of the gliding and salling flight movemont,
I will bogln this outline with the successful sailplane of
the first Rhon Sailplanc Contest,

*The Journal of The Royal Acoronautical Society, July, 1931,
Ppe 532-578,
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Figure 1 shows the aircraft “Schwarzer Teufel" (Black
Devil) of the Aachen Flying Club, designed by W. Klemperer.

The underlying idea of the design is on one side loy
structural weight and on the other side the greatest pos-
sible reduction of the parasite drag. ZEspecially notable
in this and other designs by Klemperer is the unusually
carefully carried out structure., By this means Klemperer
was able to attain an empty weight for this machine of
133 1b. (61 Xg.) or a wing loading of 1.86 1b./sq.ft.

This type was not copied in the years following due
to the fact that although the sinking speed was satisfactory,
the gliding angle was too great. This matter depends to
a considerable extent on the low-wing construction.

The sailplane which has to-day almost become a classic
is the "Vampyr" (fig. 2) of the Flying Club of the Ean-
nover Engineering School, which was designed by G. Madelung.

In this design we find for the first time the essen-
tial lines of thought clearly worked out in the design of
a sailplane.

The problem is to dbuild an aircraft with low sinking
speed, good gliding angle, sufficient strength and good
maneuverability. :

he solution is: A cantilever high-wing type with a
thiclk highly cambered wing section with large span and as-
pect ratio.

In this type a single-spar wing was used for the first
time in which the torsional forces were taken by the lead-
ing edge. This was built up as a thin-walled tube, closed
at the rear by the spar proper. This "torsion-nose"® allowed
at the same time of the possibility of keeping the most
sensitive part of the wing section, the leading edge, the
exactly correct shape. Plywood is thc essential material
which first made this construction possible.

Further notable characteristics of the "Vampyr" are:

.The three-part wing of the fuselage completely built of

plywocd and with a landing gear consisting of three foot-
ball wheels, and the pendulum-type elevator. o
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The complete superiority of the "Vampyr" in the con-
tests of 1¢21-1922 shows the correctness of the way that
was talen.

-

It is obvious that the following years would bdbring

£

a further development of the "Vampyr" idea.

At this tine a rivalry sprang up to see who could
~et the greatest span and the best aspect ratio.
he first who dared to build with large span, snti
lever, and with relatively thin wings, disregarding
necessarily apvearing deflection due to bending, was
cabitet-maker Bspenlaub. (Fig. 3.)

o
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Even although the aircraft concerned was not suc-
cessful, it sct the exaaple for the succoassful designs
"Stroleca' and "Xonsul.!

Thae "Stroleh" (fig. 4) which was designed by A. llartens,
is a rcfined development of tue "Vampyr" witia lower empty
woig.:t, increased span, and further, lesscned parasite drag.
Special care was taken over the rapid and simple assemvly,
an important ;0oin%t when regarding the use in contests.

As comretitor the "Fonsul" (fig. 5) of the Darmstadt
Acadenic Flving Club also appeared in 1223, This aircraft,
w:ieh was desigped by Botck and Sriess, began the series of
sailvlancs waich have come frow the Darmstadt Schocl. Cer-
tain differeances from the "Vampyr® are unmistaladle. Tae
span is considerably iacreassd, the wing- rlan approaches
the eliintic form, the fuselage is round in sectiom, tae
enwentage is consideradly enlarged, and divided into fin
and rvdder, So as to grarantee the aileron effect with
great span the rudder was diffcrentially connectcd with
ailerous. Thc "Zonsul" may rightly be considered to be
first long-distance sailplane. Thc flying qualitios of
this aireraf® were considercd excellent by all pilots. The
aircraft which surpassed the periormances of the "Konsul!
mas also a design of n Darmstadt student. Thais was the
sailplance "Roemryke Berge" ({ig. 5) which was designed by
Schat-v in 1224 for the Niederrheinischer Verein fver
Luftfaart.

+ ot ot
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This sailyplaae hardly appeared in 1924 and 1225, as
the Club had no suitabdle pilnt for it. J. Jdelring was ithe
first to mastor this aircrafi whiizh was undoubtedly dif-
ficvrlt 4o handle, and by his fligit to the Milsebnrg proved
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the superiority of this sailplane. The beautifully strean-
lined fuselage had the smallest mossible cross section.

The wing rested oa the narrow base of a centerpiece of the
fuselage which served at the same time as streamlining be-
hizd tize pilot's head. 2e wing section was Goettingen 425,
a sligatly cambered, thin section, with rewmarlizably swal*
drag, and the aspect ratio was suitable for tie wing section.

The design of e sailplane from this latter point of
view will be mcre exactly investigated ;ate?.

Tare center section had a rectangular nlan-form and a
flap along the whole trailing edse, waich counld be adjusted
to var, the wing section. Tais mechanism was, howvever,
never used and was later rencved. Next yvear (1927) the
Darmstadit Club Duilt the type "Darmstadt IM to take the
place »f tae decrarit ""ohsul " from which it was developed.
The inlvence of tlie "Roemrylke Berpce" is as regards tlhe
position of the pilot, unmistakablc. The worl: of develon-
ment i tiis casce and also in the tyves that followed is
directed more on the lines of the technical details. The
"Darm*dadt I" is smaller than the "Koasul" sud, therefore,

for coutest purposcs more useful, and as a result of the
smaller structaral weight ao less capable of good perform-
ances.

As the aircraft was soid to the United States, the
club built "Darmstadt II" (fig. 7) in 1928. As compared to
the "Darmstadt I" the wing section and span were different.

As a variation of the Darmstadt type are the "TWest-
nreussen {(fig. 8) designed by Dipl. Ing. Hofmann and the
i guerttembe rg" and "Lore! de31gned by Laubenthal. Both
designers were fornerly menbers of the Darmstadt Club., Ac-
cordingly, these types lhave a number of poiuts ia comaon,
for example:

Wing.-Three-part, single-spar, ractangalar (plan)
ceater section with tapercd elliptical outer sectious.
Fuselage.-Egg~shaned cross scction, with sharp edge
undcrneath, cabzne compact or nonexistent, fu-
selage ending in a vortical edge.
Zwrennage.~-Attachad to smell btuilt-in fin andl tail-
Planc. Ctherwise no dangiang surfaces.

1
2

It is casily understood that this wing plan~-form is
nnecononical to build after reaching a certain span, as.

“’lt
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as the spar depth would not be great enough for the can-
tilever type.

To avoid this ¢ifficulty from the beginning, the lec-
turer designed the type "Professor" (fig. 9) in 1928 as a
nigh-werformance training aircraft. I consciously depart-
ed from the vsual cantilever construction with compact
ghort fuselagc. As the aircraft was designed to e built
by the various clubs and for training, the strength and
stiffness had to be as great as possible., Tajis is easicst
to achieve by using a braced wing and a lon; fuselage.

The inhereat vibration period of the wing is very short,
the elevator is not ton sensitive, and damcing and lon-
gitudinal moment of incrtia great enocuza. By bracing the
wing, a relatively thin wing section could »e used (G%tta
549) so that the drag of the struts could be neutralised.
A simpler constructicn resulted from meking the fnselaie
six-sided.

As a logical development from the "Prolessor® cane
the "Wien". {Fig. 10.) By means of refined desiga of
details the empty weight of the "Professor" was varely ex-
ceeded. The further development consisted obviously of in-
creasing the span, using a higher cambered wing section, a
more rounded fuselage cross section and faired fittings.

A~art from the "Professor" type, the aircraft built for
the iuniclh Ciub by Dr. Kupper are a departunre from the
Darizstadt types. This Munich type began in 1928 with the
"Zakade," (f+g. 11) a cantilever type with a large span,
ané has been notable in the following yvears. The wing-
forw, scction aand spar design are original. The latter is
a thian-waliesd bex spar of pilywo>d of almost rectangular
crogs scction. Tiuis stressed-sizin tyne had only been wvsed
ny to thais tine in metal aircraft. As only a few exper-
iments have been carried out over the behavicr of such ply-
wond box spars, and mainly because the bucitling strength
of thc thia skin is not exactly known, this design met rith

Fag

no a~.roval, and is now not cvea used Dy Inpper himsel?.

Figure 12 siows the tihree main steps o7 advancement
frem the "Vampyr" type. The "Professor~-TWien" tynme was more
& result of the experiecnce gained in the development of
training and practice aircraft, of waich I shall now give
a saort resume.

The first training glider was the susnension type
glider vhich was used by Pelzner in 1920-1521. (Fig. 13.)
It was similar to the Cuanute glider. In 1921 the Fuera-
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berger Club developed a2 small biplane seat-type glider

out of the above tyne, and which beceme the first train-
ing glider. One could hardly say, however, that this
glider had any renarkably gond characteristics. At this
time the biplane was favored as better flying character-
istics were expected from this type. Actually, this glider
flew likxe a parachute. A notable step forwards was the
primary training biplane "Frohe Welt" (Happy World) de-
signed by F. Stamer. The construction was simple and serv-
iceatvle, the flying characteristics very pleasant, and at
the same time the gliding angle and sinking speed were quite
suitable for the passing of the glider pilot's examination
of the time(present A Ljcence). There was much trouble
caused by damage .to the lower wing due to wing-down land-
ings, and later it was also found difficult to pags the
tests for B Licence in this machine.

For these reasons the monoplane type came into favor
after this time. The development began with the Munich
glider of 1921. (Fig. 14.) This machine was, however, not
decigned as a training glider and had a special control
system., The structure was merely taken over. Thaen came
the Schulz glider of 1922, (fig. 15) which was built of
broomsticks and tin cans, and in which Scaulz flew for eight
hours. On the basis of this forerunner I built the prac-
tics sailplane "Djavlar annama' in 1923 (fig. 17) with the
idea of building the sinplest and cheapest sailplane pos-
sible. If one limits the span one comes, as will be seen
later, necegsarily to txis form. This type was continued
from vear to year in the slightly changed editions Puilt
by Schleicher in Poppenkausen, and has been further in
great numbers built as a purely beginner's glider. A
notable example of the type concerned is the "Pegasus!

(fig. 16) of the Martens Flying school, whose simple struc-
ture enabled it to be nroduced very cheaply. From experi-
ence with the "Pegasus" the "Zoegling" (Beginner) (fig. 18)
was developed, and as a further contiuwation of this series,
thie Stamer-Lippisch glider, ¥nown in England as the R.F.D,
"Dagling." .

It now remains to discuss the development of the prac-
tice sailplanes. The founder of this type was the Darm-
stadt aircraft "Edith" (fig. 19) of 1922, which was a
braced high-wing type with an almost rectangular wing
plan-form. From this tyne the "Bremen" (fig. 20) of the
Weltensegler Society was developed. As tae next type, I
designed the "Hangwind" in 1924, from which I developed the
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"Pruefling" in 1928. (Fig. 21.) Whereas in the years be-
fore, it had not been nossibdle to treain pupils who had nov-
er lecen mower-pilote as Far as the C Licernce, the "Prue-
fling" mede this possible, which was very vital for tne
farther fevelnpment of the gliding end soaring flight nove-
ment. The "Pruefling" was improved in 1628 and during the
last vear renlaced by the "Falke" (Falcou) trpe. (Fig. 22.)
In tris design I had in view the production »f 2 glider
which combined the greatcst pussible salety against crasi-
ing with the best mossihle fiying qualities. The prin-
ciples underlyirg this type will te discussed latex.

Besides this development of normal gliders and sail-
planes the development of several cxrerimental types alsc
took place, so that already in 1922, for examplc, severazl
tailless aircraft had been tested. Tasse guestionr ba-
lons, however, alrecedy to that provinca whiclh is cennected
quite generally witlh th: meaning of gliding and ssariag
fiignt for the whole of aviation. In tivis connecticn
motorless flight is to be the natnral nicncer and suvide
for the future develonnent of aviation.

PART 1II

Before I go into the details that determine the carry-
ing out of the design of a glider or sailplsne, it is nec~
to discuss briefly the vhysical basis of soaring flight.

There are two possibilities of soaring IJlight:-

1. Static soaring flight, which depends on the
presence of rising air currents.

2. Dynamic soaring flight, wihich depends on the
preseace of air currents varying in direction
ard svrength.

Horizontal flight in an upwind taites place when the
rising speed of the air is egual tc the sinking speed of
the aircraft. Therefore the Dest aircraft is the one which
has the least sinking speed. This sinking speed may be
derived in the following manner.

We use the gymbols:-

il

w
S

weight (1D.)
area (sq.ft.)

it
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= senispan (ft.)

v Vg, Vx = velocities (ft./sec.)
density of air (1b. sec.?/ft.4)
resultant air force coefficient
1ift coefficient

drag coefficient

gliding angle

aspect ratio

4s2/s,

o

i

gl
e oY D90

Hn

As you can see by the help of the diagram (fig. 23),
the following conditions must be fulfilled:-

Weight = resultant air force (1)
Tan wind direction = drag/lift (2)
or exnressed in formulas:-
W =4 (L2 + D?) (1)
tan ¢ = D/L (2)
that is
V(12 + D3) =,/ (22 + xp?) S p V2 =g 5 p V3
V2 = V2/sin® ¢ = V2 I + (kp/xp)2] = V2(ip/kp)?2
accerdingly the sinking speed is, ‘
V:’&/(W /S ) kD/ erS (2)

when onc considers that the 1ift coefficient approximates
to the total air force coefficient, and when one assumes
normal eir density and lets S = 4s%/A, one obtains

V, = 10.3 ./ (W/s?) kD/kL1'5JFK (in ft.-sec. units)

The derivation with W/s2 and A is better, as one
caix clearly sece the dircct effect of the span on the sini-
iug speed. Te call this function W/s? the span loading.
In tae second factor (kD/kL1‘5)V/A the aercdynanic clhar-
acteristics of the aircraft concerned are brought togeiher,
and we can calculate this factor for one or several wing
sections in dependence upon the parasite drag and A. You
will see that onc can calculate by this means all the nec-
essary facts for a project or for checking purposes. It
nust not, however, be assumed as a result of the above
clemeutary details that a low siaking speed is the only
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measure of the worth cof a sallplane., Apart from this the
gliding angle .and the necessary forward speed at the small-
est sinking soeed is very important., Generally speaking,
one tries to achieve a good range of attitudes with low
sinking speed, and at the same time good gliding angles,
For one thing, the pilot cannot always be flying at the
minimum sinking spesd, and oa the other side the continual
variations in the wind direction and strength are always
changine the attitude of the aircraft. Thus, for the pur-
nose of attaining the smallest possible deviations from
the most suitable attitude, gquite a large number of other
facts must bo considered, The most important ones are:

Stability, especiczlly longitudinal stability.
Maneuveradility, even in unusual flight attitudes,
Sufficient flying speecd.

In discussing the aerodynamic basis of sailplano de-
sign, I will zo into these guestions in detail,

Only in the last couple of years in the development of
soaring flight has it Deen possibdle to nake use of the
great atmospheric upwiad areas, I% is thus only too easy
to understend that in the times when human soaring flight
haed not yet oveen achieved, many phenomena in the natural
soaring flight of tirds, due to ignorance of these uvpwiad
areas, could not be exnlained as static soaring flight.

I would 1like to make refereance herc to the extremely inter-
esting explanation of the theory of soaring flight Dby your
countryman, ¥, W, Lanchester, in thc sccond part of his
Acrodynamics, in which hie writcs a very thorough discussion
of the matter. For this reason the name of that other type
of scaring flight, "dynamical soaring flight," originated
from Lanchestor, This kind of flight is made possible due
to the fact that irregularities in the wind without an av-
erage upward movement are present, I will show you (fig,
24), by means of a simple example, how this "dynamic soar-
ing effect" can occur. The bird which flies forward with
the help of wing beats receives the necessary forward
thrust through the considerable up and down movements of
its wings, The horizontal motion implies then, that the

up and down moving parts of the wings follow a path of wave
form relative to the air., If one fixes, as a first approxi-
mation, the nath of the chief maving wing parts as a sine
curve, one can calculate the course and variations of the
vertical and rorizontal air forces which are caused by such
a notion, As you nay see from the diagram, when the forces
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are integrated over a period of onoe complete oscillation,
there is a definite forward thrust and 1ift,

, Let us now assume the air to be in such a motion of
oscillation due to friction with the carth's surface or to
variously moving air masses., 3y flying through this air
in an aircraft with stationary wings the above-mentioned
vibration effect would occur. As dboth forward thrust and
11ift result, it must be clearly possible to soar in such
layers witrout the help of actuwal upwind, This effect,
wnich is causcd by the periodically changing vertical spced
of the wind, is called the "Knoller-Betz effect" and played
a sroat rcle in the first years of soaring flight,

ff, for the polar of a glven wing, one substitutes a
parabolic function of about the form '

— 2
kD —-akL ~bkL+kD°
in which a = §/45° + constant, the incroease of the inducod
and profile drags boing considered, one finds that the av-
orage coelfficient of the horizontal air forces is

kx ~ tan @ kL - kp

_ The curve followed by the wing relative to the air is
expressed as

Y =m sgin X

while tho variation of the 1ift distribution caused by the
change in the direction of the air motion along the length

of & complete oscillation can be expressed as

ky = kLm + A ky cos X (m danoting mean value).

One could also give the wing a variable angle of attack
to better the effect, As you see, there is no forward
thrust if there is no change in 1ift along an oscillation,
or if one keeps tho angle of attack with respect to the
alr constant, The maximum forward thrust occurs for

A kL = m/za
and then amounts to

2
v = m 8a -~ k
“m1ax / Dp°
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In further reference to Figure 24:

X = sin ¢ L - cos ¢ D
- 27 |
Z = cos L + gin D
N Ky =(AKg/2) (m-aKp)-Kp .
Ex T t_. ¢ K; - Kp. i
e g L D o
KZ - KL " AKLbest.
tg = m cos X. mea.x B /8a—KDm
= m/2a

K = K + A XK; cos X.

Ly L, L
Kn = a K;° = b Ky + Kp .

D a by L D,

This great variation in 1ift malkes it necessary to have the
wing polar as straight as possible, Of course the above
considerations are only approximate and disregard accelera-
tion forces,

Even though this effect has nsver yet occurred to any
traceable degrcee, wind tnnnel tests undertaken by the
Vienna Aerodynamic Institute check qualitatively with the
above considerations. You see here (fig. 25) the test re-
sults on two wing models which were tested in a periodical-
ly oscillating wind stream.

It is obvious that horizontal oscillations of the wind
could caunse similar effects., Consider for a moment a wiag
flexibly mounted on a fuselage. A strengthening of the wind
would cause an upward movement of the wing, and by means of
the energy collected in the sprung connection, a forward
thrust cowld be exerted in the following lull by means of
the downward beat of the wing,  The motion of the wing is
thus caused by the pulsation of the wind, so one can con-
sider the aircraft as "an aircraft driven through wind pul-
sations by wing beats." This effect which, as far as I"
know, was first discussed by W. Biranbaum (Zeitschrift fur
Flugtechnik und Motorluftschifiahrt, 1924, page 128), re-
veals a number of matters connected with the performance of
cantilever sailplanes of large span in very gusty winds,
The superiority of this type over the stiff-winged braced
types is very striking, Nevertheless, this effect is very
small, and is only of secondary importance as compared to
upwinds, In spite of this it is, in my opinion, not wise
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to ignore this dynamic soaring flight entirely. So long as
there oxist no incontestable tests carriod out with suita-
ble aircraft, it is premature to disregard this kind of
soaring flight. Thore is, unfortunately, in this present
lecture no room for a more detailed consideration of this
most interesting question, and I think you can read Lan-~
chester if you wish nore details,

PART III

I would now like to consider the aerodynamical and
statical bases which determine the design of medern gliders
and sailplanes,

The glider which is to be used mainly for elementary
training is not supposed to have a high performance. This
gives one the opportunity to fit the aircraft to the pur-
pose of training, and to give first emphasis to safety.

It 1s basically wrong to wish to design such aircraft with
the lowest possible sinking speed or especially good glid-
ing angle, One doesn't leamnto ride on racehorses!

It is thorefore idle to wasto many words over the aero-
dynamic principles underlying the design of elementary
gliders. ’

The choice of a wing section showing a flat curve at
high 11ft coofficients is important so that one can pan~
cake or pull the stick protty far back in flight (slots are
certainly suitablo here). It is also important to make all
control arcas suitably largo, through which one must try
to combine stability with effective control, Such machines
as have insufficient control are unsuitadle, for the pupil
must know when he has made a false control movement., But
I think that last year iir. Stamer went into these matters
with you in great detail,

In the doslgn of a sailpleane, as you have alrocady
heard, the sinking speed and then the gliding angle ars of
tho foremost importanco, and that means that, inside prac-
tical limits, we must try to get the best combination of
span, emnpty weight and cost, Of courseo one starts by try-
ing to find the bost possiblo wing soction, When onoc, af-
ter a long scarch, has actually found a really wonderful
wing section, and designed tho wing accordingly, one is
again in doudbt as to which aspoct ratio one should choose,
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and whether or not a change of the wing section wonld dYe
better in this case, and so on,

The more one works himself into the problem, the more
new problems crop up, so that one is finally left to one's
discrotion, In time such a wandeoring about is not very
satisfying, so that one begins to look for a nethod which,
on the basis of test results and theorotical considora-
tions, would give a general solution $7 the problem,

We Dbegin with the wing section. As the characteris-~
tics of any one wing section cannot give a general view of
the problem, in which the probable inaccuracy of single re-
sults is to be especially noted, we try to make a systemat-
ic determination of values from a large number of tests,

We climinate the induced drag, and then sketch all the pro-
file drag curves -together, (Fig. 26,) Diagrammatically,
we got somewhat the following picture: Tou scec that we can
substitute a gonoral polar for all tho individual polars,
The bost part of a curve thean lios in the nolghborhood of
the point of contact with the general poler. Any further
calculations wo make using the general polar, If by moans
of this representation we decide on a certain part of the

sneral polar as the most useful in any special case, We
choose that section which is tangent at this point of the
general polar. We can now substitute the general polar by
a suitably chosen function, If, however, we want to achieve
a fairly satisfactory agreenment, we muist use a function of
at least the third order, and then the analytical develop-
ment is very difficult. Thorefore we use a nixed grephical
analytical mcthzsd. Ve have already shown that the sinking
spced can bu cxprossed as '

v, = 10.3 ./ (7/e2) kpfkr'' ® /A (ft.-scc.)

And now to determine (kp/kp'' ®) /A generally, we pro-
ceed as follows: The polar of the cumplete aircraft is re-
placed by kp, = (1/Am) gL? + kp_ + Kpgs
in which

kp, = Z ¥p st/s, kp, = £ (k)
then

. . ~1-5
kp, /byt 5= (1/Am) k% %4+ (kp, t kp_,) ¥p
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By differentiating through kL we get the desired
minimum from the following:

2 A

kg /2am + (de&/dvkL) ky, = 15 (kp, + kp ) =0

So that we obtain the oquation
Apest = k1°/ ™ (& + 3 kp_,)
and then also
(kp, /2™ ) VK = (1/ Jegm) {(@ + kp o+ 4szt)//—¢}; ¢
The expression -
o = z{knm - (dem/dJ;L) '(l::L/l'.S)}A .

can be determined for the individual points of the general
polar and we can get the aerodynamic sinking speed coeffi-
cient (kp/kp? 5y /K expressed in A and ‘kp,. In fur-
ther calculations, for. the sake of simplicity, I will des-
iznate this expression by . Here we see the result of
such a detormination (fig, 27) in which the results of tho
Aeronautical Rescarch Institute in Gottingern were used as a
basls, In the samc manner as for 9, one cah also fix the
lift-drag ratio, and also skotch it on the diagram, Al-
though tho useo of the gencral polar is in this case not
quite oxact (tho actual values of tho individual sections
would be somcwhat smaller) it is gquito good enough for a
chock calculation. The shape of the curve ¢ = f (Asz)

shows first that the coefficient ¢ changes only a little
waen A has a value greater than ten, and secondly, tho
minima of @ lic botwoen A = 10 and A = 20, Aspect ra-
tios over 20 are thon unfavorable when considering the

lcast possible sinking speed, Meroly the improvement of the
gliding anglo roequires a large aspect ratio, And now to be
able to judge the conditions for some definite doesign, we
must cither decide on the wing area or the span., Then it

is still necessary to evaluate tho parasite rosistanco,

The existing results in this connection from oexporiments
show much smaller values than those actually shown in flight
tosts, When one, for example, knows the sinking speed of a
sailplane by calculating the same from barographs or test
flights, and has further measured the gross flying weight
and the span, then ¢ is determined as

@ = V;/10.3./ (W/®)
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If one sets the values found in the diagram over the
A concerned, one can dotermino the valuc of sz and also

of course, the 'so-called "reduced drag area," or I kp S',
where k is the drag coefficient of the part concerned
and S!' " the area of same normal to the wind direction., I
have placed these points for threc well-known high perform-
ance sailplanes on the diagram, and found as a result that
the average value for tho reduced drag area is

Z Ky S! (averago) = 4.6 sé.ff.

Even although these values seem very great, and one
might assume that the machines concerned were not flown to
the best advantage, it would be well to use these values
'in working out projects, as most aircrarft are comnsiderably
better on paper than in the air.

To make use of this diagram further, If, for exampls,
we want to build a sailplane with a span of 5C feet, we
calculate the necessary wing area and aspect ratio for
various sz with the help of the above values and

L kp S' = 4,6, so that one can place these roints on the
disgram, From this we can clearly see the effect of change
of wing area or ol change of aspect ratio, 1In this connec-
tion comes the conclusion that the 1ift-drag ratio is only
noticoably affected by lower aspect ratios, ZEven from

A = 8 on the change of the lift-drag ratio is very small,
This result is also notable and shows the disadvantago of
using too large aspect ratios.

In our determination of the sinkiang spced wo havoe still
to estimato tho empty weight. For this purpose I have col-
lected a number of actual woight figures, and havo attempt-
od to show an analytical connoction between this static ma-
terial (fig. 28). 1In accordance with a derivation by Dr.
Lachmann, I have let the wing weight be

Wg = m § + s2/n.
Further, let the fuselage weight be
T =k s
in which, for this approximation, tho weight of the empen-
nage is added to that of the fuselage. The cxperimental

results show that these formulas can ve safely used, The
gross flying weight may now be oxpressod as
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Tiotal = n/s + 8 /n + ks + W,

where W, = weight of nilot and eguipmont, Now the span
loading is ’

Wtot/sa = m/A +‘s/n + k/s + Wo/sa.
The coefiicient concerned may be expressed as
m ~ 0¢78 [1b,/sq.ft.] . ng; ~ 1000 [ft. /1b.] cantilever
k ~4,4 [1b,/Tt,] ny ~ 1840 [ft. /1b,] braced

For our design, which we shall consider as being can-
tilever, we obtain the curve of sinking speed plotted as
a function of the erea. . It can also be scen nere that in
no caseo does an oxtromely large aspect ratio, i.c., small
area, give the smallest siaking speed, Although there is
no oxact relationship expressing the effect of the gliding
angle on the "soaring ability," and tho general worth of a
desizn, it would scem to be better to vse the larger aspect
ratios, '

If we now go into the design in more detail, we will
draw a so-called "spced diagram," using as a basis the now
chosen wing soction and the caleculated values of the final
design, (Fig. 29,) . ‘

One tries to obtain as flat a curve as possible, which
can ve achleved through the choice of a good aspoct ratio,
The wmean valve ofi the sinking spcod, as influenced by chang-
ing the air speed, would not vary very nuca from the best
valuc. Such a diagram is of spocial importance for pilots
who wish to carry out long-distance flights in the aireraft.
Thic parts of the flight during which thore is no upwind
must obviously be so flown thaat the gliding angle with re-
spect to tho earth is as good as possible. Bocauvso of the
cffect of the wind (head or following) tinis angle is dif-
feront to that rolativo to the surrounding air, With the
use of thoe speced dieagram the flight attitudcs concerncd
ere ocaslly detcrmined, as one fixes the bost attitude by
lessening the air spced in caso of hoad wind or incroasing
it in the case of following wind. Ono realizes thiat it is
corroct to fly at highor spced with head wind and 2t lower
speod with following wind, rather than fly &t tho bost
gliding anglo. If thoro is upwind or cven downwind prosocnt,
one must subtract it from, or add it to, the sinking speod
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as the caso hay bo, and then one obtains the best flying
attitudo by consideration of both effects,

I can unfortunately not go very deeply into the other
matters which decide the detail construction of the air-
craft. First of all, tne designer must always realize that
even the machine which is aercdynanically best will be in-
capable of good performances if the flying qualities are
not 2lso good, If the pilot has not perfect ftrust in hils
machine and does not know whether she will leave him in the
lurch in » difficult situation, it would only be possible
under ospecially good conditions for him to achieve good
perrormances, Becauso of this it is my opinion that, tf it
is necessary, it is best to sacrifice a certain amount of
acrodyncnic efficiency to achieve good flying qualities,

Tho larzo spans of sailplanes are naturally only prac-
ticablo when one uses wings taperoed in plan form. The roc-
tangular plan fora has static and dynamic disadvantages,
which cannot he disregarded even for reasons of cheapness
of production, This holds true in the same Way for the de-~
sign of engined aircraft, and although there are even to-
day many people with the opvosite viewpoint, I can only ad-
vige them to go to the shipbuilders and tell them that 1t
would really be the best thing for them to build all their
frames the same shape and size! The answer that the ship-
puilders would give, is also my opinion, Generally one
uses plan forms such as you soo sketched in Figure 30, of
waich (1), for oxample, is for a braced type, (I1) is can-
tilever, and (III) could beo cither braced or cantilover.

Onc could basc ono's choico on tho inducod drag of
these forns which could be worked out by H. Glauert's moth-
od, Tou will, howover, find that there is very 1ittle dif-
forence between the various forms if thoy do not deviate
too much from the elliptical 1ift distribution. Tne effect
of tho plan form on the manouvorability is moro inportant,
To achieve good control action, one nust naie sure that in
tho case of stalling tho air flow breaks away first fron
the innor portions of the wing., Thon one still maintains
lateral stability. Tnho chape of tho ailerons should guar-
antee that thore is a roasonably great chord right to tho
outer ends., The shapes shown in dotted lines on tho dia-
gram aro theroforo considerably better. Sweptback and
twisted wings have shown very pleasant flying character-
istics (IV). Such forms are practically spinproof. he
training sailplane "Falke" which I have designed has con-
firmed the experience made many years ago. The best posi-



18 T.A.C.A. Technical Memorandum No. 637

tion of the fuselage with respect to the wing cannot vyet

be laid down definitely. ~(Fig., 3l.) As far as wind tune
nel experiments show, the arrangement (I) is the most suit-
able, The necessary cut-out in front of the wing makes
this arrangement, however, somewhat worse, For this reason
‘type (II) has proved to be better and at present is gener-
~ally used, The disturbance of the 1ift over the center
section in soaring flight is very noticeable, because most
of the flying is done at a high 1ift coefficient, and the
-polar curves are approximately as shown in the diagram,

The pure low-wing type has similar disadvantages, While
thoe lattor form has often been used successfully in ongincd
eircraft mostly inspired by Junkers, it must not be for-
gotten that the effect of the slipstream on a wing when

the propeller axie is above the wing is more favoreable,

and that a saving in weight more than valances out a cor-
responding increase in drag,

The static construction of sailplanes is to-day almost
alvays of the "Vampyr" type. (Fig. 32.) Oue spar at the
thickest part of the wing, about 30 .to 35 per cent of the
. chord from the leading edge takes the vending moments,

The forward part of the wing, built up as a box or tube,
resists the torsional forces. A lighter secondary spar
serves as alleron-sttachment spar, and to connect the ribd
ends together, ne snearing strongth of the nose wing
covering can, however, only be guarantced when the ribs

are close eunough together to prevent any possibility of

the covering buckling. Otherwise, folds will appear before
the brealking stress is reached. In my experiments I have
found that by using plywood attached with grain diagonally
over leading edge, the btrealking strength is twice as great
as normal and the stiffness four to five times as great.

A spar built as a thin-walled rectangular box is theoret-
icelly bvest, and is used generally in metal aircraft at
present, How to make the thin walls perfectly or suitably
stiff with wood construction and also lightly 1is, however,
still o matter for discussion, One is therefore forced

to use more material than is necessary, so that the advan-
tage of the construction is orly very small, There must be
tegts carried out in this direction to make the matter
clear. A very importaunt matter is the stiffness of the
7ings to resist bending and torsional vibrations. Tho lat-
ter can be completely overcome when one rlaces the elastic
axis of the wing in front of the most forward position of
the center of pressure., Apart from this one must be caro-
ful that there is no aileron flutter prosent,
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Thoese latter as well as other parts of the outer wings
must be very lightly built for this reason., The bending
stiffness of this large-span cantilovor is in the first
place depondent on the height of the spar considered in ro-
ldation to the longth of the cantilever, and also on the
load (1ift) distribution. Thus in every respect the ta-
pered wing is superlor to the wing of rectamgular plan form.
The same can be said for the torsion-rosisting structural
members, I show you hero a comparison between two wings of
the same span and area, one with a rectangular and tho
other with a tapored trapeozoidal plan formy. Referring to
Figure 32: ‘

Cl/Co = n.

yp = (x3/s) [3+x (n - DI/[1+x (a=-1)].
X

yi= / [2/(a*1)+x(n~1) /{n+1) 1% /[2/ (n+1)+ 2x(n-1)/(a+1)].
o]

Assuming the same wing section and angle of attack, figures
to represent the two flange cross sections and the "torsion
noses" were calculated., 7You see that in thils casc by tac
usc of tapered wings one would save 50 per ccent in welght
in the cases of the noso covering  -and the spar flanges,
over the rectangular wing. It is further clear that for
the same loading, the bending and twisting is much greater
for the rectangular wing than for the other. TFor large
spans, the most favorable as far as weight is concerned, is
the Braced (Professor Wien) type. The extra dreg of the
struts is almost neutralized by the use of 2 thianer wing
section, This type is only reasonable when torsion and
bending can be taken up by the struts, as the torsionally
stresscd parts are at loast as heavy as the parts stresscd
in bonding. We can, of course, not exactly say what is tho
very best type of wing, UNevortheloss, calculations which
take into consideration both the acrodynamic and statical
points of view are very informative. All these considera-
tions are not only applicable to sailplane design. As far
as design is concerned the construction of sailplanes is
really a natural oxperiment plant for all problems conunect-
ed with power aircraft.

Fuselages of high-class sailplanes are nowadays always
of round or elliptical cross section, and covered with ply-
wood, (Fig. 33.,) The three longeron type with a rounded
cdge underneath is simple to construct and fits the shape
of the sitting man very well, In smaller training aircraft
the fuselages are four- or six-sided structures., Fuselages
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of extremely small cross soction permit, of course, only of
the uso of wheel control, TFor high~performance sailplanes
this control is thorefore generally usod, The control sur-
"facos aroc designed in the same manner as the wing. In
highe-performance sailplanos the pondulum typo of olevator
is generally usod, Tho construction of the fuselage ond
like that of tho "Professor" or "Wien" is usual. In tho
case of primary training aircraft the roegulations state
that the horizontal control surfacecs must consist of a
fixed stabilizer and elevator, There have been no acci-
dents caused by the use of the pendulum type elevator. One
must only choose the gear ratio correctly.

In Germany the following regulations guide the strength
calculations for gliders and sailplanes,

Group: Wing.

Loading case I. Stress corresponding to flight
with most forward position of
coenter of pressure, Factor of
safety, 6, ’ ’

Loading case II., ©Stress corresponding to flight
with maxiaum torsional load,
Factor of safety, 1.

Loading case III, Stress corresponding to a land-
ing (wing weight as load) 6-8
safety factor,.

Group: Fusclage.

Loading case I. Stross due to load on empennago,
Breaking load of empennage is
breaking load of fuselage.

Loading case II, Stress by landing. The wing
loads are¢ 6-8 times breaking
load.

Loading case III. Strossing of wing-fuselage con=-
noction by landing on wing.
Breaking load 110 pounds applied
at wing tip in direction of
wing chord,
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Group: Empennage and Ailorons,

Blovator and rudder: ZRBrealzing load 31 lb./sq.ft.
Ailerons: " " 16 0

The polar diagram of the wing and of the complete air-
craft must be used in the strength calculations,

A proof of the static stability is also necessary.

You1 will perhaps be surprised that we have only taken
two cases of loading into account in the strength calcu-
lations for the wing. 3But I do not see what use a point
between the most forward position of the center of pres-
sure and diving flight would ve. The consideration of
case (I) proves whether there is enough strength to take
care of bending and forward thrust, The consideration of
case (II) proves whether there is enough strength to take
care of torsion and backward pressure. These cases take
carc of the extreme forces. Years of experience have shown
that the above strength demands are enough. Apart from
the above, the same methods and bases may be applied and
used in sailplane design as are uscd in power aircraft de-
sign, The many detail questions, which would doubtless
be very interesting would, I fear, take us too far from
our subject.

By neans of several photographs (figures 34-42) 1
would like to show you constructional details of several

ty’pes.
The Importance of Motorloss Flight to

the Development of Aviation

I would now like to finally consider the meaning of
motorless flight for power-driven aircraft.

Last year Mr., Stamer told you about the value of glid-
ing as flying training. Thereforo I do not really need to
repeat that the pilot who has learned to master a light
sailplane in wind and clouds, has gathered experience for
his whole flying career which could never be so clearly
taught in a power-aircraft flying school. He must have a
thorough knowledgoe of weather observation and meteorology
if he wishes to mako any good performance, Soaring flight
has brought new knowledge to aerometeorology, and the new
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roscarcaes on tho vertical movemcant in the atmosphore have

tho
at loast bocen stimalated by soaring fligat,
The tcechanical rignlficanco of sailplanc design at the
present time is made clear by the foregoing parts of my
lecture, On this account I would like to consider merely
one specially iraitfnl sphere of motorless flight research.

- Since the end of the war (1914-~18) one has begun to use
zircraft for commercial purposos all over the world. This
air traliic has grown from year to year and to-day covers
wide districts of various contincents. There is air traffic
everywhoreo excopt whero its nroper field of activity is,
that 1s, there is no air traific between continents where
rapid communication is really necessary, and where air
traffic could actunally "fly by itself" or pay its way, Now,
I ask you, what is the usze of this fastest of 21l means of
communication, if it has no use in its proper field of ac-
tivity? And what is thae sense of this nmuch~advertised
“speed when it is only nrocured by a phenomenal waste of
energy? I cannot help but think that the main problem of
this means of communication, that is, the econcmics of it,
ig carelocsly handled. ' :

What would you thin% of anyone who equipped a farmer's
waror with a 100-horsenower oengine and drove from gasoline
statlon to gasolinc station at sixty miles an hour? The
wmost sonsiblo thing to do would be to advise him to usc
ball bsarings to cut down the Trictional rosistance of his
vonicle. Porhaps you laugh' at all thig, but you must ad-
mit that most of our present-day aircraft have not as good
a ‘rictional coefficient as our original farmer's wagon
(without ball bearings). Or perhaps you don't believe that
the wagon would roll down a rsrade of 1:15 by itself? But
porhaps you can tell mo of an a2irplanc which has a gliding
anzle as good as 1:1E7 The only aircraft which can compete
witi, thiis honorable rivel arc a couple of high-porformance
sailplancg which struggle for the first prizes every year
on the Rhon, The comparison shows you where woe nust start
to devel op ccononmical aircraft. Tphe energetic reduction of
the frictional coefficiont is o vital necessity in air-
craft design, One could, of courso, make theso tests in a
wind tunnel and that is the ususl thing to do at nresent,
One¢ soon notices that the wing a2lone has always a better
gliding angle than *the wiiole aircraft with fuselage and en-
peanage., Then it would be clearly the best thing to do, if
one tried to bulld an "all-wing aircraft," But why don't
Peonle build’ such aircraft? Quite obviously vecause one
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sces no possibility of safely developing the aircraft from
the wind-tunnel state to full size, There is one »nerfectly
safa snd proved method and that is called motorless flying.

This method was actually known since the bteginning of
aviation, and it has only been given up to-day because, on
the casis of long experimentation and oxpericnce, the bo-
hevior of a normally bdbuilt aircraft is woll enouvgh inown
that the controllability and stability of a new type can be
guarantood before tho first flight. But how a quito necw
type of aircraft wounld Dbehave is beyond our knowledge, and
even calculated characteristics with the help of wind-tunnel
tests cannot be guaranteed. The method which we have used
with good euccess for some years, I will now explain by
mcans of a shortly sketched example,

We will now, for example, croatc an "all-wing aircrart,"
and have worked out a suitable project (fig. 43) on a basis
of various thecorotical and design considerations, 3Before
wo start dosigning a man-carrying aircraft, we build a mod -~
ol of such dimonsions that wo can msc tho laws of dynamic
similarity to advantage. To do this, it is necossary, as
ig woll known, that the Reynolds Numbers that appoar in
flight aust exceed the critical rogion between laminar  and
turbulont friction, and also that the ratio of the wing-
loading betweon model and full-size aircraft must be to
scelec, We test this model in free flight, notice the of~
fects of various control sottings, the behavior in flight
in vory gusty winds, and in short, everything that is in-
cludcd in dynamic and static stability, 3y changing the
model we correct any possible doficioencioes, and oxpcrimont
until we aroc satisfied with the flying properties of tho
modol. (Model 44,)

¥ow we can go a step further and venture into the de-
sign of a man-carrying glider. This aircraft will bve so
built, for practical purposes, that alter a successful test
an ongino may be installed. Perhaps you might ask why we
don't use a small engine in the first place? Malnly so that
we cen remove all possibilities of danger, as far as we are
able, '

The first short flight over flat land in the glider 1is
absolutely sofe, whereas the first flight with a power air-
craft cannot be so, as an insignificant error can have a
crash and fire as a rosult. Evon if the glider aid crash,
it would not bas dangerous because of the low specd, DBut
it is guite a feat to crash from a height of a fow inches.
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By o progressive choice of ground with stecper slopes wo
gather oxpeorience on tiaoc behavior of tho new aircraft,

We study the offect of tho various controls, the sffects of
outside disturbances, and can alwars fall back on the mnodel
tests in difficult cases. Finally, we are so far that we
can carry out longer gliding and soaring flights with the
aircraft, I hardly need to point out that by this means
one can gather sufficient experience so that trials with

ail engine installation way be besgun., If one still has
doubts as to the operation of the propeller drive, one can
use tests with free-flying :motor-driven models, as an aild
to the solution, If oane hasn't a large landing field at
one's disposal it is better if possible to use the skid
(instead of wheel landing gear) for the first flights with
the engine. The final steps are certainly not at all nec-
cgsary to mention,

The succossfnul exporiments with tailless aircraft
which have alco been cavried out in this country dy Captain
G. Hill, arec the beginnings of a new devolopment period
in aviation, I realizo that against the arguments which
have becn put forward, pneople have ‘an army of doudbts in re-
serve, and most of them wonder whethor the longitudinal .
stability (dynamic and static) is sufficient in tho tail-
less type, and considor that tho structural weight of swept-
back wings would be groator than that of a corresponding
normal wing, and thet the mancuverability is not sufficient.
Thc researches which I have carried out have proved that
theso views are wrong because the original assumptions
were quite different, Unfortunatoly, bocause of the lack
of time, I cannot consider these questions in detail, but
hope, nowever, that the discussion will lead in this direc-
tion, ‘

I would like to stress once more that motorless flight
and the rosocarches stimulated by wotorless flight are not
only of use in the province of gliding and soaring flight
movement, The valuec of this rew branch of avieation liecs in
the broadening of our knowledge in scientific, technical,
and practical flying fields, and those whose vocation is
concerned with the succoess of aviation connot help occupy-
ing thomselves seriously with the g£liding and soaring move-
ment, ’ o ‘
The meaning and purpose of my lecture would be ful-
filled if I have succeoded in giviag now knowledge to those
who are already intorested in these things and have won
over, as,future collaborators, those who have bcen looking
O
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Discussion

The Chairman expressed, on bchalf of all presont, the
most sincere thanks to Horr Lippisch for his vory inter-
csting lecturo, and said that obviously he had sparcd no
trouble in thac preparation of 1it,

The Chairman also cxpressed nis extreme interest in the
wing spoilers which had been referred to, and asked for
more information concerning thom,

My. E. C. Gordon England (Associate Fellow) (Chairman
of the British Gliding Association), thanked the Royal
Acronauntical Society for its unfailing cooperation with the
association in all matters in which thoy were jointly in-
terested, and said it was due to tho Society that the mem-
bers of both bodies had ned the benefit cof hecaring a lec-
turo by EHerr Lippisch.

Ho would not discuss at length the technical aspects
of the problem, dbecausc he was interested in propaganda
and, indeed, had almost given up his 1ife to propaganda on
behalf of the gliding movement. Tphe locture, he prophesied
would do much to further the art and science of gliding,
and in the future would be looked back upon as marking a
new stage of progress. He expressed regret that only a few
technicians from the aircraft manufacturing “irms were
present at the mesting, and was bold enough to sugeest that
perhaps they imagined they had learnod all there was to
know about thoir own problems, and werc under the mistalken
impression that zliding had not a preat deal to tecach them.
Herr Lippisch had indicated, however, the ways in which
zliding could greatly increase thelr knowledge.

A point with regard to which there was a great deal of
variance of opinion as wetween those interested in gliding
and those engaged in the manufacture of aircraft was that
of the value of a true anrd highly finished surface a2s a
factor in the efficiency of a soaring machine., He asked if
Herr Lippisch set a high value upon a highly finished skin
surface,

The wori of Herr Lippisch and others justificd the
falth of the pioncers of aviation to a very narked extent,
Mr. Gorcon England expressed the opinion that in the course
of time ~ and not a very long time - it would be proved
that the late Josoph Weiss (under whoso auspices he himsclf
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had been introduced to aviation) had male a vory recmarka-
ble contribution to the science of oviation, and ono which
had not rot boon fully apprecioted. Like man; pilonecrs,
Joscph Woiss had lived boforo his time.

Having regard to tho indication by Herr Lippisch of
the valuo of tlhio sweptback wing, ho asked if Herr Lippisch
velieved in the theory that there was some wave motion in
the air which called for the wuse of a sweptback wing or a
wing of distinct plan formation, and that that plan for-
mation was greatly influencsd by the air specd of the ma-
caine; in other words, at varying speeds a varying plan
Tormation was necessary, to say nothing of the cross sec-
tion of the wing.

He would like to thank the Rhon-Rossitton Gesellschaft
for raviang, with great courtesy, and in the rost reasonable
wg, from the financial point of view, placed at the disg-

osal of the British Gliding Association the complote work-
ing drawings ond specifications of the "Falle" machine,
These were available to clubs and privatc constructors
tarougnout the country, so that an; who wishoed to tost tho
morits of Herr Lippisch's latest inteormodiato machine had
only to apply to the Ascoc1at10n for tho nocessary infor-
n"ulon.

Mro Lowe Wylde: Ho felt that, in view of thec ocxpe-
ricnco of Herr Lidpisch, ons could only liston to and thank
him for having given the meeting the benefit of his expe~
rience in a concentrated form Fpankly, as onas who appreci-
ated the work that was bYeing done in Germany, and as one

wio was very desirous that we in this courtry should emu-
late it, he felt somewhat afraid, Ir view of the work car-
ried out in Germany during the last ten rears, he felt that
thoy had before them a very ~sreat task; it would take ten
vyears to get things fitted wp and to 6ather the amount of
knowledge that their German colleagues had already gath-
ereds He Jjoined in tie hope that as the result of the
meeting there would be a full realizetion in this country
of the fact that this work in connection witna gliding was
nelping in the perfection of motor-driven aircraft, and
that with the greater ianterest and support which énould be
forthcoming, we should be able to carry out further invos-
tigations on bohalf of aviation,

Captain Jdtlmer,g _____ draim (Fellow): Referrirg to”wfﬁg

loading, he said that Ior the case in which the center of
pressuro was in the most forward position the factor given
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in tae paper wes 5, but e belioeved that many of the Ger-
man sailplanes were duilt to factors of @, 10, and oven
higher, He acked if Horr Lippisch would discuss that nat-
tor further. With rogard to the ply covering over the
lcadinz edge, which was supnosed to take the torsion, he
said that, since it passed over and under the naln spar,

it mast be sudjected to the maximum bending stress to which
the spar was cubjected, Therefore, it had to take that
stress nvefore it could take any stress due to the torsion,
He would appreciate the lecturer's commonts on this point,
With resard to the elevator and rudder, t:oe loading given
for the limiting velocity nose dive was 31 pounds per sauare
foot., That appoared to te unduly high, but undoubtedly
Herr Lippisch would be able to explain the reason for that,

Turthernore, by fixing the tail load in pounds per
sqauare foot instead of a load of so many pounds spread over
thé whole taill, desisgners might de inclined to cut down
the size of the tailplancs,

Captain G, T. R, Hill (Follow). omphasizcd threc in-
nortant points in dosign which had beon medo in the course
of the leccture. Tho first was that, in tho opinion of Herr
Liupisch, tapered wings wero groatly superior to parallel
wings vhen they came to thne big aspect ratios; secondly,
that there were creat virtues, from the point of view of
stability, in the sweptonck wing; ond thirdly, it was clear,
from onc of the diagrams - which he hoped wounld bo repro-
duced ir the Journal - that the strutted wing was definite-
ly consideradly lighter than the nure cantilever wing.,
Those stotements were all supportcd by a detailed mass of
evidence, wailch was very valuable, and in that respect they
contrasted favoradiy with the usunal swveeping assertions,
unsupoorted by ovidonce. Tno fact that the locture includ-
ed wuch dotailed data made it an extromely valuable contri-
htation to the Socioty's proccedings. o

When vieiting Herr Lippisch a few weeks ago he had
scon on his table papers, journals and technical informa-
tion of all sorts and in various languages, ond Was glad
to say that copies of The Journal 0f the Royal Acronzuti-
cal Socicty were prominont anong then,.

Coptain Hill asked if Herr Lippisch would be good
enough to claborate his remarks on the bonding stiffness
of the wings. Trouble had bdeon exporicnced in somc planes,
ne said, duc to the wings being ton flexible in bending,

Reproduced from
best available copy.
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resultiag in what he beliovod was called a "personal oscil-
lation" ~ a longitudinal oscillation, as distinet fronm a
~laterel oscillation., The pilot was unable to distinguish
between the nmovemouts of tho nachine duer to bending of the
wings. and thoso dwo to wind gusts, and in trying to corroct
the motion, he actually forced an oscillation, which on one
occeasion had had disastrous results,

Iz cmphasizing the concluding paragraphs of the loc-
ture, Captain Hi1ll rocalled that recontly, whon trowelling
howe from Geyniany by air -~ in an airplanse which ho would
refer to as the "A" typo - e had seecn through tho cabin
7indow sonotuing dear to tho toxtbook writer, a rectangu-
lar flat olate, placed ab 90° to the wipd stream., - The
plzte was about one foot square, and aflter puzzling for
some time over its object, he had realized that it was a
means of hlanketizng off the o0il cooler in cold weather in
order to keep the oil ITrom bvecoming cooled too much., IFf
that sort of thing could be done on modern air linere, he
said, ono felt that tho mossage contained in the conclud-
ing part of the lecture could, with grent advantage in cer-
tain quarters, bo vory fully digestcd.

Captain Entwistleo was particularly intcrested in the
roferonce by Horr Tiprisch to dynamic soaring flight and
asked whethor, in the fell-scale tosts which had been car-
ried out in Germany, any quantitative nmcasuremonts had
boen made of the 1ift obtainecd in tho conditions roforred
to and also what maximum valucs had becn obtained in soar-
ing flights nade in a definite upward current, He agroced
with Horr Lippisch that tho otffocts oxporienced as a result
of voriations in the strength of a horizontal wind curront
woro negligidle in comparison with the large scale effccts
which wero due to larzo nasscs of rising air, but he also
agreed that tho former might ultimately prove to be of
practical valuwe, particularly in roelation to glidor dosign.
He clso asked whether Herr Lippisch could give any infor-
mation in rogard to the instrumonts which had been found
In Germany to be nmost usceful from the point of view of the
measurencnt of the magnitudo of tho upward currents oxpo-
rionced in soaring flight,

Sguadron leader England (Associate Fellow): In most
of the sallplanes illustrated, he noted that the fixed
tailplane had been dispensed with, and would like Herr
- Lippisch to state whether the movable tailplane had found
favor in the sailplane, wherocas it was of little use on
power-~driven machines, —— ”—§§~
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He wonld like to Te enlichtened as to why the con-
trols on tahe "Zoegling!" glider, which wes definitely in-
tended for training were, with the exception of the eleva-
tor, inferior., Surely on a fraining glider it wounld appecar
undesiratle to havs a powerful elevator without good di-
roectional and lateral control,

ilr, Dagnell: wanted to now vwhether Eerr Lippisch rcc-
ommended & dihedral or a flat angle,

Dr, Lachmenn {Associate Fellow): The lccture was a
cormpilation of thec osscntials of seilplano science, and
those who were concerncd with this ecience in all coun-
tries would be very grateful to Horr Lijppisch for having
done that work. Some of the formulas which Herr Lippisch
had given had becn guarded for some timeo as holy sccrots
by the various gliding corporations, ZHAvery alircraft de=
signer must admire the refinoments which had becn achieved
and must also envy the sailplane designer the possibili-
tics which the sailplanc affordcd of tiie appulication of
aerodynamics to such fire iimits, It was easy, of course,
to blomo tlhie moor aircraft designer for bad corodynamics
in the design of his machines, ©tut thero were a good decal
more practical limitations. Assuming that o highly efii-
cient sailplane had a span loading of «bout 10 1b, por
sqgefts, in order to achicve thc same result in the latest
Hondley Pacge 42-senter, it would bo necessary to have n
wing span of 3,000 fect. Everyono concerned with practical
sircraft dosign knew that tlhiero were spocifications which
did not always allow of the propor application of acrody-
namic refinements, Dr., Lachmann askod what were the beond-
ing deflections measured in the air in bumpy weather on
the high-span sailplancs,

Commenting upon tho influence of sallplanc desigrn upon
motor aircraft, he said it was not by accideont that the
c.ocsiznor of one of the rost efficient Gorman commercial
airplanes, lMesserschmidt, was formerly o designer of scil-
planes, and he had incorporated in his latest designs zall
the characteristic features of the highly successful sail-
planes, i.e.,, large span, tapered wingg, and single-spar
construction, These airpnlanes were considered to be high-
ly efficient; he recalled that when Yesserschmidt had com-
menced to apply his sailplane experience to commercial air-
craft, many people in Germany had been very doubtful as to
the outcome of it, but ultimately he liad been successful,
Dr. Lachmann expressed the belief that monoplancs of large
span with taperod wings and singlc spar construction would
be the futuro type for commercial purnposes,
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Hr, J. H. Payne: It seened that in the sailplane
wings oi the mono-spar construction there were no drag
Torces of any sort, He understood that the main spar bore
the 11it forces and that the tube at tuae front bore the
torque, and he asized if $the maln spar also bore the drag
Torces on the wing.

Mre Co 2. Cuss: Specking as Chairman of the Wiltshire
Light Aeronlane and Glider Club, and not as a technical
authority on the design of gliders, he sucsested that dan-
ger might arise throush the partial success of any one type
of glidcer having vndue influence on other types, Haviag
obrserved that in 1922 and 1929 the champion gliders of the
world had come to grief, it had occurred to him that care-
ful rosearch was necessery with a vicew to roducing the ro-
sistance to 3zliding arising from the uso of the usucl
tyres of ailorons, clovators and rudders. He recalled that
about ten years ago he ad had the good fortune to shoot a
S-cwt porbeagle shark ofi the North Devon coast. The ex-
quisite streamline speed forn of it had made 2 most last-
ing impression on his mind, He asked Herr Lippisch if he
considered that there were possibilities of reducing ro-
sistances and eddying Trom aileroans, e¢lovators and ruddor
or msing a flexible fuselage, winzs and tail, all inflated
and operated by pneumatic controls, which wonuld take a bdump
without damage, ané botier than thoe very dolicate plywood,
He pointed out that the vertebra ¢ the shariz (of which he
cxhibited a model) had no bones in it; it was just carti-
legoe and skin, He aslked if thiero were prospcets of dovol-
oning a flexible fuselage on similar lines, i.0., having
a vertoora through the center znd an inflated fuselage
around it, If that wore so Lec would suggest that it might
be possible, by wnoumatic controls, gradually to curve the
fnselage in any dosired direction, still maintaining the
stroaulino eirfect and in that way reducing resistance.
Ihere would also bec a movable snout worized by controlsd, to
assgist turning, Ho also mentionocd tho fact that tho shark
roferrod to was coverod with o slinme, &8s the result of
wihlch resistance was roduced, and lic asked what importanco
Hovr ILippiscuh would attach %o that fect, 3By giving tho
lcast shuvdder tho sharic couvld slip awary ot speed - and, of
course, it was dependent vpon specd for its existence,

Mr. Howard-Flanders (Associate Fellow) asked Herr
" Lippisch what was the torsional deflection of the spar in,
say, 25 feet, of the large span sailplanes in flight, If
a sinzle spar was vsed, it was fairly obvious that the

S
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torsional resistance of the tip of the wing would he less
than tha*t at the root when in flight, and he would like to
know whant was the ullowuble deflection.

Yr, Ashwell-Sooke (Comnesion) asked for the opinion
of Herr Lipvnisch on tho use ol slots on high officiency
sailplanocs, Also, spoaling as onc who wes connocted with
tiie Lgndon Ciub, which owned no less than tarce gliders
of Her» Livppisch's design, he asked for information con-
ceraning any system that might be in uvse in Germany to en-
sare adequate maintenance of club-operated gliders.

Hr. Wo O, Manning (Fellow): Referring to one of tie
dingrams which had been exhibited, he sald it appeared
tha*t thurce-ply was shown as being used for the webd of a
spar, He felt sure that, on o spar cf a power plane, three-
ply wonld not be wmsed in compression; possibly there was
something slightly misleading in the drawing, With regard
to glidine angles, and the suggestion that a farm wragon
would »oll down a gradient of 1:15 by itself, so that it
had the equivaleat of a gliding angle of 1:15, lr. Manning
said he boelieved there nad been several aircraft dbuilt in
this country naving a gliding angle slightly better than
thet, e mentioned the matter in order to show that the
aircraft designers in this country had not been altogether
unnindful of the importance of reducing resistance. As
well-known examples, he rentioned some of the gliders used
for the Schneider Cup coutest, in which the reduction of
head rosistance had becn carried out guite effectively,

The ui aspect ratios used could not be used in pow-
cr-triven aircraft, mnot only bvecause of the increase of
weight but also bhocause of the lack of rigidity in the wing
doveloprent, and on thoso lincs must thoreforoe be confinod
to glidors,

a4
:
1ir

Colonel the Haster of Sempill (Past-President of the
Royal Aeronautical Society) (Fellow): Those who were in-
terested in motorless flying had bcen asking for some time
past for information which Herr Lippisch's paper had now
supolied, As showing how much the visit of Herr Lippisch
to this country was appraciated from the scientific point
of viow, he mentioned that the Aeronautical Research Com~
mittes - the first committee of its kind to have been sot
up in any country - had invited Herr Lippisch to attend its
mceting on February 3, and to give it the beanefit of his
advice. Further, Horr Lippisch was to visit Yoovil and had
kindly consented to addross that branch of the Royal Aero-
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nautical Society on ilondar, Fobruary 2, Anyonc who had to
granple with the proparation of a lcectare would realize
the cnoruous amount of work involved, dut if one had to
praparo a lecturc in one langsmage, translate it into an-
other, and convert all the fisuras of another standard of
:measuroment, and propare snmeecial slidos, the labor ine
volved would certainly be trobled,s It would e impossible
to find guitable words to oxpross our,gratitude{ they must,
in vact confess that thoy woro ashamed of thomsolves eas
thoy realized that they had no one cepadble of dealing with
this sudjoct in a foroign language in the veory cloar way
hat the lecturer heg done., Colonel the Master of Sempill
clso mentioncd that Horr Livppisch hoad been greatly assist-
ed in the proparation of the lecturo by & student membor
ol tao Royal Aeronautical Society, Mr, B, S. Shenstone,
who was studying at the Wasserkunpe in the Rosecarch Scc-
tion under the diroction of Horr Lippisch, He (theo Mastor
of Sempill) asked Herr Lippisch, on behalf of the Royal
Acronentical Soclety, the British Gliding Association, and
all those intorested in motorless flyiag in this country
to tako back to tho Rhon-Rossitton Goscllschaft, and par-
ticularly to the President (Professor Georgii), the very
cordial thanks for the considerable help afforded in the
past and proifered for the Tuture,

‘

The vote 6f thanks was accorded with acclamation,

Air_ Commodore J, A. Chamier (Associate Fellow) (com-
municated): With reference to Herr Livwpisch's lecture,
he would like to ask if he has over tried wings with flex-
ible trailing cdgzes?

He states in his lecture that in gusty winds thero is
a marked difforonce in porformance bhetwecen cantilever sail-
planes, of wanich the wings wore somewhat flexidble, as com-
pared with the stiffwwinged braced type., Hec attributes
tals to the dynamic soaring effoct and the boating of the
alr by floxidbility in bonding of thec wings,.

Is it not possidble that the single spar wing has a
considerably nore flexible trailing edze than the double
spar braced wing, and that it is to the superior effiw
clency of the flexible trailing edge that the improvement
may be attributed? ‘

He also wished to ask whether Herr Lippisch could
tell thém to what extent gliding has confirmed wind tunnel
results? It is in this check of wind tunnel results, un-
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hampered by such things as the influenco of slipstream of
propellers, that to his uind the greatest scientific value
of gliding liﬁs. The lectarer, he understood, dosigned
some ol the Gottingen wing scctions, so it is almost cor-
tain that ne must have been interested to make comparisons
between free gliding and the wind tunnel.

Ur. Scott-Hall (Associate Fellow) (communicated):
While at the Wasserkuppe he was singularly impressed by
the magnitude of the deflections which take nlace at the
wing tins of some of these very high aspect ratio sail-
planes undor gusty conditions. On at lcast one mackino
thic wing tips could be scon with the naked eyoc deflecting
when the aircraft was ©lying at close quarters, and in-
decd, he was infornecd that this inherent "springing" of the
structurc mado the aircraft very comfortable to fly, Nat-
urally the first thoughts that this sight produced were
upon the lilktolihood of dangerous flutter conditions arising,
Has serious trouble of this l-ind evor hecen expericnced?
While on the samc subjecct, nec was very intcrested in the
fluttor "acceptance" test carried out on all aircraft com-
peting in tho annual R.R,G. competitions, ian which the wing
tip is deflected by hand (the aircraft being stationary on
the ground) and the oscillations per minute counted., He
understood that if the oscillations were less than 120 per
ninute the aircraft was limited to flying in light winds,
Ig¢ thies figure correct?

Herr Lippisch mentions in his paper the good antispin
effects of sweepback and twist on wings. What exanerionce
has ho had with spinning on the ordinary tyves? It would
scem very easy to get into a spin on one of theso aircraft
while cloud soaring, and he was given to understand at the
Vasserkurpe that once these aircraft reach the stall thoy
spin suddenly, duc to the high 1i1f% wing scctions commonly
used, Has eny difficulity ever boon oxperiencoed in recov-
ery?

Reply to Discussion

In answver to the Chairman.- The wing spoilers were
tested on the two-seater of the Dresden Acadenical Flying
Club, being inspired by wind tunnel tests made in Holland.
The Dresden nachine had 80 feet span and the wing spoilers
were cach about one foot long. The effect of the spoilers
was very satisfactory., By their use, the normal (almost
elliptical) 1ift distribution is disturbed, and the induced
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drag at high angles of attack very much increased., It
should be noted, however, that the actual 1ift is affected
to only a very small degree, '

Mr, Gordon England.,- A highly polished wing surface
1s of the utmost importance for tho maximum 1ift. Even
a dusty wing is noticoably inferior at low speeds, This
is not only important in soaring planes, but also in poweor
alrcraft, especially whon strotching a glide to make a
Torced landing field. Observations of bird flight in na-
ture uphold Mr, England's views on plan form. In the case
of the vulture, at low speeds it has a swept-forward plan
form with a 1ift distribution fuller than elliptical,
When flying normally, the plan form is practically straight
and the 1ift distribution elliptical, In the case of high-
speed flight, the plan form has sweepback and the 1ift dis-
tribution 1s flattor than elliptical, which is not unfavor-
able, as the inducoed drag in the high-spoed flight case ig
of no importance, The main reason, however, for sweepback
is for tho sake of increased stability and maneuverability.

Captain Latimer Needham,- Although only a factor of
safety of 6 is demanded in the cepse forward condition,, it
usually occurs that in a carefully worked-out design the
final factor is considerably greater. In the case of
school gliders, thie writer considers that a higher factor
of safety is necessary, not bocauso of air ovolutions, bdut
because of ground ovolutions. Regarding tho question about
spar bending and the torsion nose, it must be remcmberod
that plywood has a lower modulus of elasticity than the
normal wood of the spar undernocath, Therefore the pPlywood
layer is not so highly stressed in bending as would at
first be assumed, Of course the torsion nose can take up a
certain amount of bending. It should be remembered, how-
ever, that in the case of maximum bending, the torsion is
very small, and in the case of maximum torsion the bending
is almost zero, The high tail loading of 31 1b, per sqe.ft,
1s necessary becausc of the high terminal speed that can bo
reacied by high performance sailplanes, because of their
very low drag. The size of the tailplane is not fixed by
the load but by the stability calculations, which are also
derianded by the Technical Commission as one of the alr-
worthiness conditions,

Captain Hill.- The longitudinal oscillations of the
aircraft caused by the wing oscillations can certainly be-~
come very serious, Thus all wings which have a reriod on
the ground in still air of less than 120 rer minute, are

given only a "limited" soaring certificate,
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Captain Entwistle.~ There have deen no quantitative
measurements made on dynamic soaring flight at full scale.
Such measurements are especially difficult, as the struc-
ture of the air itseclf is vory difficult to determine. As
far as instruments are concerned, the sailplanc is the best
instrument for measuring upwinds when equipned with meteor-
ograph, accelerometer and variometer, and air-speed indi-
catore The sinking speed of the sailplane is determined

by barograph readings taken on a long glide out of the in-
flucnce of upwinds after the sailplanec has bocn towed to a
ereat noight (say, 6,000 to 10,000 feet)}. Also the uso of
weighted pilot balloons has been very satisfactory.

Sguadron Leader T, England.- The movable tailplanes
are much lighter, and with suitable gearing down are not
too sensitive., The fixed tailplane is used in powered air-
craft because the flying requirements demand that the air-
craft fly "hands off." Regarding the "Zoegling," due to
the very low C,G. and low speed, it is very difficult to
nake the ailerons and rudder sensitive, IHowever,. the most
important control for the "ab initio" student is the eleva-
tor, and this has been made sonsitivo,

Mr._ Dagnall.- A flat anglo 1is recommoended.,

Dr, Lachmann.- Therc is considerable differcnce bo-.
tween the performancoe calculations for sallplanes and pow-
ocred aircraft. A simple considcration lcads to tho conclu-
sion that for a sailplano, sinking speed is of most impor-
tanco., Sinking spoed deponds on "span sguared loading" =
WI/S/ES. For an engined aircraft, the powor roquired is of
first importance, i.e., woight times sinking speed is tho
neasure of quality, or power required is proportional to
Wl—l/a/ZS. As the span affects the weight of the aircraft
considerably, it is easy to understand that the "span
squared loading" of powecred aircraft must be higher than
for sailnlanes., ' -

In spite of this, I am of the opinion that a decrease
of the span loading in modern airecraft would give better
porformance, which is shown in practice in the Messer-
schinidt commercial noanplanes,

Hre Jo H. Parnc.- Under normal flying conditions, no
dreg is caused by the wing rolative to the chord axis, in
sailing and gliding, Tne torsion nose takes up tho thrusts
under other conditions, ' :
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Mr, C, T, Cuss.~ No considerable decreasec in drag is
to be oxpected by using a flexible fuselage. The control
surfacos cculd, however, bo improved by flexibility and
this was also tried during the first yocars of soaring
flight, Duoc to practical and tochnical difficulties, the
- further use of floxible control surfaces was given up, In
my opinion, the same difficulties would occur with attempts
to use pneunatic flexible fuselage and wings. Even though
there might be an increase in safety, the pilot would nrob~
ably get heart failure, due to the strenuous exercise ne-

ssitated by having to pump up every puncture or blow-out,
or make a forced landing., But joking aside, it may be stat-
ed that there have already been patent applications for
wings and fuselages of this type. Although it is admitted
that the slimy coat certainly lessens the water resistance
of a body, the most important matter in decreasing air ro-
sistance is to make tho surface as smooth and clean as pos-
sible, '

Mr, Howard Flanders.~ In normal flight the torsional
deflection of the spars of high performance cantilever
sailplanes is usually not more than 1 or 2 degrees at _the
wing tips, Although in engined aircraft a limit of 3% de~-
grees is glven, there arc no linmits with sailplanes, for it
would be impossible to build a wing of reasonable weight
having an angle of torsional deflection as small as 335 de-
greas in the diving flight condition, Opn the other hand,
this deflection is not dangerous and has a stabilizing ecf-
fect 1f the torsional axis lies forward of the center of
prossura, “

Mr, Ashwell Cooke.~ From ny point of view, the addi-
tion of slots to a high-performance sailplane would be of
little value, for in spite of the most caroful design they
would probably add a certain amount of parasite drag, and
increase the inertia of wings which are already rather
heavy. However, flight tests with slots are to be carried
out at our Institute in order to tost thoem thoroughly on
sallplanes. This has beon nade possible by tho very friend-
ly cooperation of Handley Page, Limitod, In Gormany thore
oxists the system o1 construction inspectors which are 1i-
censed by the R.R.G., and almost all clubs have such an in-
spector among the menmbers, The inspector is responsible
for all repairs and airworthiness, In the absence of the
inspcctor, the manager of flying of the club takes control,

Mr, Manning.- I am very glad to hear that soveral Eng-
lish aircraft have gliding angles of over 1:15. The very
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careful design of the Sclhneidor Trophy :achines has awake
ened the admiration of the world, and the locturoer counts
himsolf among the admirors, The Schneider Trophy umachines
give a practical nroof of the effect of streamlining on
performance, and this streamlining should be applied also
to normal aircraft with equal care., Even to-day there are
many designers who do not seem to realize that a nunber of
detrils not carefully carried out when added togethoer make
a very large drag, It nust not be thought that these re-
marks are ncant to be gspecially applicable to English air-
craft, as they are applicable tc the aircraft c¢f all coun-
tries, The drawing of the box spar of the "Kakadu" shows
three-nly used as spar web, as the Munich group were not
able to make special plywood out of vencer with mostly lon-
gitudinal grain, This nmatter of producing a special ply-
wood was one of the reasons why this structural netl.od,

as nentioned in the lecture, was not continued, 1I7 such a
special plywood could be suitably produced, thin-walled
spars such as those used by Rohrbach counld be successfully
b1ilt of wood, Regarding the natter of the high aspecct
ratios, the answer to Dre Lachnann may be referred ‘%o,

Air Commodore COhamier,.,- Although the lecturer has not
built wings with flexible trailing edges, he agrees with
Air Cornodore Chamier regarding the value of the flexible
trailing edge., Regarding the question on flight and wind-
tunnel tests, these fulfill quite Aifferont purposes., The
free flight tests of one-third to one-quarter scalc modoels
were carried out more as stability tests than for any other
rcason, and no measuroments were nade. Frcc flight test-
ing of stability of some of the rather radical typcs coun-
sidered at the Wassorkuppe was of great importance, as even
the most careiful calculations necd practical checlzs,

LY

Hre. Scott-Hall.- The figure of 120 per minute is cor-
rect, 'The springing of the cantilever wings certainly

aids the machines in soaring, having a wing-beat elfect,
cansing & certain amount of dynamic soaring. O0f course the
springing helps to wash out the effect of bumps., Irn tae
carly days there was a cortaln anount of trowuble dvo to
flutter, tut this has beon successfully overcome by the
flutter acceptance teost, In the caso of ordinary large
span sailplancs in which the whole wing stalls at approxi-
mately the same angle, a stoep cgpiral commences casily and
often dovelons into a spin., They come out of the spin nor-
nally. The only %hing %o noto in practice is uot to use
too nuch bank at law spceds, as the groat span makes the
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11ift on the uppor wing incroase rapidly, and so tae bank
increascs, devoloping into tho spiral. At such timos the
ailoron control will not brings the nmachine out of the bank,
The tondoncy of tho machinoe must- be followed, and the ma-
chine brought out of tho dive in the ordinary manner aftor
sufficient spoeed is gained,

Colonel the Master of Sompill.~ I thank the Master of
Sermpill for his extremely kind words which he has expressed
on behalf of the R.Ae,S. and the 3.,G,A., I will not deny
that the preparation of the lecture was rather difficult.,
But these difficulties were vory small compared to tho
rocognition which motorless flight has won by means of the
.locture, From my point of view, it was to be taken for
grented that tho locture must includo overything of impor-
tance which has been achieved in the last ton years' devel-
opront, and that theso things be handed over complete with-
out hesitation. I bolieve that it is obvious, that among
friends ono nust always be opcen and helpful, as it is only
on this basis of mutual offort and working that anything
of valuo may te »rought forth, :
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Fig.3 Espenlaub'!s glider.
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